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Effect of Dianex, A Herbal Formulation on
Experimentally Induced Diabetes Mellitus
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Dianex, a polyherbal formulation consisting of the aqueous extracts of Gymnema sylvestre, Eugenia jambolana,
Momordica charantia Azadirachta indica, Cassia auriculata, Aegle marmelose, Withania somnifera and
Curcuma longa was screened for hypoglycemic activity in normal and streptozotocin induced diabetic mice.
Dianex was administered in different doses of 100-500 mg/kg/day orally in acute (6 h) and long-term (6 weeks)
studies. Blood glucose levels were checked 2—6 h after treatment in acute studies and every 2 weeks in long-
term studies. Body weight was recorded on the first and final day of the treatment in the long-term studies with
diabetic mice. After 6 weeks, high-density lipoprotein, triglycerides, total cholesterol, alanine transaminase
(ALT), aspertate transaminase (AST), urea and creatinine were estimated in serum of the diabetic mice.
Glycogen and total protein levels were estimated in the liver. Also, the liver and pancreas was subjected to
histological examination. Oral glucose tolerance and in vitro free radical scavenging activity was also studied.
Dianex produced significant (p < 0.05) hypoglycemic activity at 250—500 mg/kg doses in both normal and
diabetic mice in acute and long-term studies. The body weight of diabetic mice significantly (p < 0.05)
increased with all tested doses of Dianex. The elevated triglycerides, cholesterol, ALT, AST, urea and creatinine
levels in diabetic mice were significantly (p < 0.05) reduced at the doses of 250 and 500 mg/kg. The liver
glycogen and protein levels were both significantly (p < 0.05) increased in diabetic mice at 250 and 500 mg/kg
doses. Dianex increased the glucose tolerance significantly (p < 0.05) in both normal and diabetic mice at
all the doses tested. Histopathological examination showed that the formulation decreased streptozotocin induced
injury to the tissues at all the doses tested. It produced significant (p < 0.05) free radical scavenging activity
against ABTS*, DPPH and hydroxyl free radicals at the concentrations ranging between 10—-1000 pg/ml.
Thus, in the present study, Dianex produced significant hypoglycemic activity in both normal and diabetic
animals. It also reversed other diabetic complications in diabetic mice at 250 and 500 mg/kg doses. In our
earlier study, Dianex was well tolerated in laboratory animals at higher doses (upto 10 g/kg in mice, acute
toxicity; upto 2.5 g/kg in rats, subacute toxicity studies for 30 days) without exhibiting any toxic manifestation.
Hence, Dianex may be useful in the treatment of diabetes mellitus. Copyright © 2005 John Wiley & Sons, Ltd.
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INTRODUCTION

Diabetes mellitus is a heterogeneous metabolic dis-
order characterized by altered carbohydrate, lipid and
protein metabolism (Das et al., 1996). The management
of diabetes mellitus is considered a global problem
and successful treatment is yet to be discovered. The
modern drugs like sulfonylureas, biguanides, inhibitors
of intestinal a-glucosidases, glitazones, repaglinide and
aldose reductase inhibitors control the blood sugar
level as long as they are regularly administered but also
produce a number of undesirable side effects and sub-
optimal control of glucose levels (Upadhyay et al., 1996;
Reynolds, 1997). Also, an oral hypoglycemic agent
equivalent to insulin has yet to be found. These are
some reasons why people are still searching for novel
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treatments. The treatment of diabetes mellitus has been
attempted with various indigenous plants and polyherbal
formulations (Chaurasia et al., 1994; Mitra et al., 1996;
Upadhyay et al., 1996). In the present study, Dianex, a
polyherbal formulation, consisting of herbs derived from
Ayurveda, has been screened for antidiabetic activity
in mice.

MATERIALS AND METHODS

Animals. Animals used were adult Swiss albino mice
(6-8 weeks old) of either sex, weighing 25-30 g (De-
partment of Radiobiology, Kasturba Medical College,
Manipal). The animals were housed in polypropylene
cages, four per cage, with free access to standard labor-
atory diet (Lipton Rat Feed, Mumbai, India) and water.
The animals were kept at 25 £ 1 °C and 45-55% rela-
tive humidity with a 12 h light/dark cycle.

Chemicals and plant material. Sodium deoxycholate,
anthrone, thiourea, streptozotocin, 1,1-diphenyl-2-picryl
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hydrazyl (DPPH), 2,2’-azinobis (3-ethyl benzthiazoline-
6-sulfonic acid) (ABTS"), ascorbic acid, deoxyribose,
thiobarbituric acid and bovine serum albumin were
purchased from Sigma, St. Louis (MN), USA. Trichlo-
roacetic acid was purchased from Qualigens, India.
All the other chemicals used were of highest
analytical grade. The Dianex mixture containing the
aqueous extracts of Gymnema sylvestre (Asclepiadaceae;
leaf, 15 mg), Eugenia jambolana (Myrtaceae, seed, 19 mg),
Momordica charantia (Cucurbitaceae, fruit, 30 mg),
Azadirachta indica (Meliaceae, leaf, 7.5 mg), Cassia
auriculata (Caesalpiniaceae, flower, 25 mg), Aegle
marmelose (Rutaceae, fruit, 12.5 mg), Withania somnifera
(Solanaceae, root, 20mg) and Curcuma longa
(Zingiberaceae, rhizome, 4 mg) was supplied by the
Apex Laboratories, Chennai, India. The plant materi-
als were collected from Kancheepuram area, TN, India
and identified at Department of Herbals, Apex Labora-
tories, Chennai, India. Glibenclamide was supplied as a
gift sample from Bal Pharma (P) Ltd, India. Dianex
mixture or glibenclamide were passed through sieve
No. 80 and suspended in 0.5% w/v sodium carbo-
xymethyl cellulose (CMC) for administration.

Hypoglycemic activity in normal mice. Following an
overnight fast, mice were divided into five groups (n =
6). Dianex was suspended in 0.5% w/v CMC and
administered orally at 100, 250 and 500 mg/kg body
weight. For oral administration, a mouse feeding nee-
dle was used (metal canula attached to a hypodermic
syringe). Another group was administered glibenclamide
(5 mg/kg; p.o.). The control group was administered with
0.2ml of CMC. At time intervals of between 2-6 h
after treatment, blood was collected from orbital sinuses
for analysis. Blood glucose levels were determined
using Accutrend Alpha Glucometer (Roche Diagnostics,
Penzberg, Germany).

In the long-term study, the above treatments were
administered orally once daily for 6 weeks. Blood
glucose levels were determined once in every 2 weeks
in over night fasted mice, 2 h after drug administration
as previously described.

Induction of diabetes mellitus and hypoglycemic activ-
ity in diabetic mice. Diabetes was induced in overnight
fasted mice by injecting streptozotocin (150 mg/kg; ip)
dissolved in citrate buffer (3 mM; pH 4.5) (Grover
et al., 2002). Seven days later, mice with blood glucose
levels between 300—-400 mg/dL were selected. Hypogly-
cemic activity was evaluated in over night fasted diabetic
mice divided into five groups (n = 6), which were treated
as described earlier.

In the long-term study, drugs were administered once
daily for six weeks and blood glucose levels were deter-
mined, as described previously. Body weight of animals
was recorded on the first and final day of treatment.

Oral glucose tolerance test in normal and diabetic mice.
After an overnight fast, normal and streptozotocin dia-
betic mice were divided into four groups (n = 6). Dia-
betes had been induced as described previously. Normal
control and diabetic control groups were given with
0.2 ml of CMC p.o. Other groups were administered
250/500 mg/kg of Dianex p.o. or 5 mg/kg glibenclamide
p.o., as before. All the animals then received glucose
solution (2 g/kg) p.o. Blood samples for glucose deter-
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mination were collected just prior to (0 min) and at 30,
60 and 120 min after the glucose administration (Pari
et al., 2001).

Biochemical and histopathological studies. At the end
of the treatment period, blood was collected from or-
bital sinuses of diabetic mice and serum was separated
off. Lipid profile (high-density lipoprotein, triglycerides
and total cholesterol), alanine transaminase (ALT),
aspertate transaminase (AST), urea and creatinine levels
were estimated in serum using Auto-analyzer (Hitachi
911, Tokyo, Japan). Finally, the animals were sacrificed
by cervical dislocation and liver and pancreases were
removed. A part of the liver was processed for glycogen
estimation (Carrol et al., 1956) and total protein (Lowry
et al., 1951). Pieces of liver and pancreas were fixed in
Bouin’s fixative and processed routinely for histological
screening. The slides were stained with haematoxylene
and eosin and observed under low power microscope
for any pathological changes.

The animal experimental protocol was approved by
the Institutional animal ethical committee, Kasturba
Medical College, Manipal.

In vitro free radical scavenging activity. The in vitro
free radical scavenging activity of Dianex was carried out
with respect to DPPH, ABTS" and hydroxyl radicals.

DPPH: To the ethanolic solution of DPPH (0.5 mM)
an equal volume of Dianex dissolved in phosphate
buffer (pH7.4, 20 mM) was added at various con-
centrations in a final volume 1.0 ml. An equal volume
of phosphate buffer alone was added to control. After
20 min, absorbance was recorded at 517 nm (Sreejayan
and Rao, 1996).

ABTS: The reaction mixture contained ABTS*
radical (2 mM ABTS solution, 0.17 mM potassium
persulphate), various concentrations of Dianex and
buffer (pH7.4, 20 mM) in a total volume of 3.5 ml.
After 30 sec, the absorbance was measured at 734 nm
(Miller and Evans, 1997).

Hydroxyl radical: Hydroxyl radical scavenging activ-
ity was measured by the deoxyribose method (Halliwell
et al., 1987). To the reaction mixture, containing
deoxyribose (3 mM), ferric chloride (0.1 mM), EDTA
(0.1 mM), ascorbic acid (0.1 mM), hydrogen peroxide
(2mM) in phosphate buffer (pH7.4, 20 mM), various
concentrations of Dianex was added to give a final vol-
ume of 3 ml. After incubation for 30 min at ambient
temperature, tri-chloroacetic acid (0.5 ml, 5% w/v) and
thiobarbituric acid (0.5 ml, 1% w/v) was added. The
reaction mixture was kept in a boiling water bath for
30 min, cooled and absorbance was measured at 532 nm.

The difference in the absorbance between test and
control in relation to the blank was taken and % scav-
enging of free radicals was calculated.

Analysis of results. Student’s t-test was employed to
analyze the results. Differences below the probability
level 0.05 was considered statistically significant.

RESULTS

The results of acute and long-term hypoglycemic
activity in normal mice are shown in Tables 1 and 2

Phytother. Res. 19, 409-415 (2005)
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Table 1. Blood glucose reduction of Dianex in normal mice (acute study)

Reduction in blood glucose level (mg/dL)

Absolute blood (Percentage reduction in blood glucose levels)

glucose level

Dose (mg/kg) (mg/dL) 2h 4 h 6h
Control 176.1 £ 7.51 171.1 £ 5.05 173.1 £ 5.25 175.0 £ 4.12
(0.2 ml CMC) (2.57 £ 1.21) (1.72 £ 2.11) (0.61 + 1.82)
Dx-100 177.5 £ 9.24 166.8 + 4.46 161.5 + 3.81 136.4 + 4.21
(5.51 = 2.41) (9.56 + 2.15)* (22.81 £+ 3.15)*
Dx-250 151.4 £ 9.61 138.0 £ 5.74 104.1 + 6.21 103.2 £ 5.24
(8.43 £ 2.21)* (30.18 + 3.21)* (31.01 £ 2.19)*
Dx-500 139.2 + 8.91 98.1 + 1.65 88.1 + 2.22 86.0 + 3.11
(29.21 £ 5.41)* (36.01 £ 3.11)* (38.21 + 2.95)*
GLBN-5 101.1 £ 5.78 64.1 £ 2.92 56.2 + 3.11 55.5 + 2.51
(36.42 +£ 7.81)* (44.92 + 6.22)* (45.26 + 5.18)*

All values are expressed as Mean *+ SE, n = 6; * significant compared to control (p < 0.05); CMC = Carboxymethyl cellulose; Dx =

Dianex; GLBN = Glibenclamide.

Table 2. Blood glucose reduction of Dianex in normal mice (long-term study)

Absolute blood

Reduction in blood glucose level (mg/dL)
(Percentage reduction in blood glucose levels)

glucose level

Dose (mg/kg) (mg/dL) 2 Week 4 Week 6 Week

Control 138.8 £ 8.61 136.3 £ 7.26 136.0 + 4.08 134.5 £ 5.56

(0.2 ml CMC) (0.98 + 1.01) (0.98 + 3.31) (2.21 £ 2.14)

Dx-100 173.1 £ 6.32 160.4 + 0.56 164.0 + 1.49 162.1 £ 2.21

(7.21 + 3.52) (5.81 £ 2.82) (6.32 £ 2.81)

Dx-250 167.5 + 7.01 149.0 + 2.52 152.1 + 3.11 153.2 + 2.92
(10.21 £ 3.11)* (8.92 + 2.52) (9.12 £ 1.51)*

Dx-500 186.1 + 8.65 132.1 £ 2.31 137.0 £ 2.81 125.0 £ 3.12
(29.01 £ 4.21)* (26.12 £ 3.51)* (32.11 + 4.24)*

GLBN-5 151.2 £ 5.11 95.1 £ 2.31 101.2 £ 2.01 98.0 £ 2.81
(37.01 £ 4.21)* (34.41 £ 3.28)* (34.01 £ 2.92)*

All values are expressed as Mean + SE, n = 6; * significant compared to control (p < 0.05);

CMC = Carboxymethyl cellulose; Dx = Dianex; GLBN = Glibenclamide.

Table 3. Blood glucose reduction of Dianex in diabetic mice (acute study)

Absolute blood Reduction in blo-od glucose level (mg/dL)
glucose level (Percentage reduction in blood glucose levels)

Dose (mg/g) (mg/dL) 2h 4h 6h

DC 3245 £ 12.13 317.9 £ 6.31 315.1 £ 5.28 313.1 £ 4.8

(0.2 ml CMC) (1.65 + 1.15) (2.12 + 1.51) (3.01 £ 2.51)

Dx-100 345.1 £ 13.85 315.1 + 4.81 304.1 + 5.51 269.2 + 3.91

(8.73 £ 2.33)* (11.01 £ 2.21)* (21.21 £ 5.28)*

Dx-250 331.5 + 8.65 295.1 £ 6.21 250.5 + 8.15 235.1 + 6.16
(12.11 £ 3.11)* (25.11 £ 4.55)* (29.12 + 3.33)*

Dx-500 328.1 + 8.67 242.3 £ 9.51 223.1 + 10.15 211.1 £ 8.91
(25.91 + 5.56)* (33.01 £ 4.51)* (35.11 £ 5.15)*

GLBN-5 345.5 + 12.13 240.0 + 5.21 223.1 £ 2.15 219.0 £ 3.01
(31.11 £ 2.01)* (34.92 + 4.12)* (356.91 £ 3.12)*

All values are expressed as Mean + SE, n = 6; * significant compared to DC (Diabetic control) (p < 0.05); CMC = Carboxymethyl

cellulose; Dx = Dianex; GLBN = Glibenclamide.

respectively. Dianex produced significant (p < 0.05)
reduction in blood glucose levels at 250 and 500 mg/kg
doses in both acute and long-term studies. The results
of acute and long-term hypoglycemic activity in dia-
betic mice are shown in Table 3 and 4 respectively.
Streptozotocin produced moderate to severe hyper-
glycemia in mice (300-600 mg/dL). The animals with
300-400 mg/dL blood glucose levels were used for

Copyright © 2005 John Wiley & Sons, Ltd.

hypoglycemic study. Dianex produced significant (p <
0.05) hypoglycemic activity in diabetic mice at all doses
tested in both acute and long-term studies, which was
comparable to glibenclamide.

The body weight of untreated diabetic mice was
markedly less (18.03 £4.27% ) than that of the untreated
normal mice at the end of 6 weeks. The administra-
tion of Dianex for 6 weeks significantly (p < 0.05)

Phytother. Res. 19, 409-415 (2005)
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Table 4. Blood glucose reduction of Dianex in diabetic mice (long-term study)

Absolute blood

Reduction in blood glucose level (mg/dL)
(Percentage reduction in blood glucose levels)

glucose level

Dose (mg/kg) (mg/dL) 2 Week 4 Week 6 Week
DC 3245 £ 12.1 321.2 + 6.56 316.5 £ 5.55 320.4 £ 4.58
(0.2 ml CMC) (0.91 + 0.98) (2.22 £ 1.12) (0.89 £+ 1.12)
Dx-100 345.2 + 13.8 312.0 £ 7.15 309.1 £ 6.53 314.0 £ 4.82
(9.81 + 1.91)* (10.91 £ 3.52)* (9.01 £ 3.21)*
Dx-250 331.1 £ 18.4 296.0 + 1.98 285.0 + 3.11 290.1 + 3.87
(11.10 £ 2.28)* (14.59 + 3.58)* (12.01 £ 3.98)*
Dx-500 328.2 £ 15.0 241.0 £ 3.01 238.5 + 2.91 236.0 £ 1.98
(26.01 £ 3.91)* (27.11 £ 4.01)* (27.91 £ 3.25)*
GLBN-5 375.5 + 12.1 275.5 £ 11.11 268.0 £ 9.18 260.0 £ 8.92
(27.01 £ 4.28)* (28.01 £ 5.01)* (30.33 + 4.98)*

All values are expressed as Mean + SE, n = 6; * significant compared to DC (Diabetic control) (p < 0.05); CMC = Carboxymethyl
cellulose; Dx = Dianex GLBN = Glibenclamide.

Table 5. Oral glucose tolerance test in normal and diabetic mice

Absolute blood glucose level (mg/dL)
(Percentage change in blood glucose level of 0 min)

Dose (mg/kg) 0 min 30 min 60 min 120 min
NC (0.2 ml CMC) 130.0 £ 5.01 2345 + 4.04 210.0 + 3.12 141.1 £ 5.28
(+82.04 £ 2.81) (+63.59 + 3.41) (+9.55 + 0.79)
Dx 250 + N 141.0 £ 6.81 209.0 + 12.78 177.5 + 3.83 145.0 £ 4.93
(+42.60 + 4.09)* (+25.84 + 3.33)* (+3.55 + 1.77)*
Dx 500 + N 151.0 + 4.21 163.0 + 6.93 155.0 + 5.25 145.5 + 5.12
(+7.85 + 1.71)* (+2.61 + 0.71)* (—4.00 + 0.88)*
GLBN 5+ N 155.0 £ 3.24 168.4 £ 7.18 161.0 £ 2.12 151.0 £ 8.28
(+7.04 £ 4.69)* (+3.90 + 0.83)* (—2.49 + 2.86)*
DC (0.2 ml CMC) 321.0 £ 11.01 401.5 + 5.28 440.5 + 4.52 410.0 + 12.0
(+25.10 * 2.68) (+37.29 + 3.23) (+27.86 + 0.87)
Dx 250 + D 355.0 + 5.21 402.4 £ 6.12 391.0 + 8.51 382.0 + 5.0
(+13.24 + 0.14)* (+10.11 + 0.83)* (+7.61 £ 0.11)*
Dx 500 + D 360.0 £ 6.52 381.0 + 4.21 372.0 £ 5.51 359.2 + 6.01
(+3.76 = 1.24)* (+0.28 + 0.31)* (-3.23 £ 0.10)*
GLBN 5+ D 365.0 £ 8.12 371.4 + 8.58 361.0 £ 5.28 351.0 £ 7.12
(+1.63 + 0.12)* (-1.05 £ 0.77)* (-3.82 + 0.23)*

All values are expressed as Mean + SE, n = 6; * significant compared to NC (Normal control) (p < 0.05); * significant compared to DC
(Diabetic control) (p < 0.05); CMC = Carboxymethyl cellulose; Dx = Dianex; N = Normal mice; GLBN = Glibenclamide; D = Diabetic

mice.

increased the body weight of diabetic mice compared
to untreated diabetic mice (6.36 = 2.03%, 8.85 £ 0.55%
and 17.56 £ 0.96% for 100, 250 and 500 mg/kg Dianex
respectively).

Table 5 shows the blood glucose levels of normal
control, diabetic control, Dianex and glibenclamide
treated mice in response to an oral glucose tolerance
test. Dianex treated mice (both normal and diabetic)
showed significant (p < 0.05) decrease in blood glucose
levels, compared to the respective controls, indicating
increased glucose tolerance.

The results of biochemical studies are presented in
Table 6. The glycogen and total protein levels in the
liver of diabetic mice were significantly (p < 0.05) low-
ered compared to normal mice. Dianex treatment sig-
nificantly (p < 0.05) increased liver glycogen and protein
levels in diabetic mice at 250 and 500 mg/kg doses. The
lipid profile (total cholesterol, triglycerides and HDL-
cholesterol) was significantly (p < 0.05) increased in
diabetic control mice compared to normal mice. Dianex
treatment significantly (p < 0.05) reduced the elevated

Copyright © 2005 John Wiley & Sons, Ltd.

lipid profile in diabetic mice at 100, 250 and 500 mg/kg
doses (Table 6). The hepatic enzyme levels (ALT and
AST) were significantly (p < 0.05) increased in untreated
diabetic mice in comparison with normal mice. The
elevated levels of ALT and AST were significantly (p <
0.05) decreased upon administration of Dianex at 250
and 500 mg/kg doses (Table 6). The serum urea and
creatinine levels were significantly (p < 0.05) elevated
in diabetic mice compared to normal mice. Dianex treat-
ment at 250 and 500 mg/kg doses significantly (p < 0.05)
lowered these changes (Table 6). The histopathological
studies of pancreas and liver from diabetic mice showed
inflammation, necrosis and degeneration. These condi-
tions were considerably reversed by Dianex treatment
indicating that Dianex administration produces im-
proved repair of the tissues after streptozotocin induced
injury.

The results of in vitro free radical scavenging activity
of Dianex are shown in Table 7. Dianex showed signific-
ant (p <0.05) DPPH, ABTS" and hydroxyl radical scav-
enging activity between 10-1000 ng/ml concentrations.

Phytother. Res. 19, 409-415 (2005)
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Table 7. In vitro free radical scavenging activity of Dianex (%)

Concentration

(ug/ml) ABTS* DPPH OH
Control 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
(No drug)

10 24.43 £ 2.13 2.11 £ 0.15 28.52 £ 1.12
25 28.36 + 0.92 5.68 + 0.95 24.48 + 2.53
50 65.46 + 1.96 9.54 + 1.12 21.56 £ 2.19
100 74.19 £ 1.01 14.92 + 1.81 11.61 + 1.10
200 81.98 + 0.08 17.85 *+ 2.49 -

400 96.87 + 0.13 22.21 £ 1.21 -

500 95.49 + 0.39 24.59 £ 3.69 -

1000 - 33.95 £ 2.52 -

All values are expressed as Mean + SE, n = 3; All values are
significant compared to control (p < 0.05); DPPH = 1,1-diphenyl-
2-picryl hydrazyl; ABTS" = 2,2’-azinobis (3-ethyl benzthiazoline-
6-sulfonic acid); OH = Hydroxyl radical.

DISCUSSION

The present study was undertaken with the aim of
evaluating the antidiabetic activity of Dianex, a poly-
herbal formulation. Dianex showed significant (p < 0.05)
hypoglycemic activity in both normal and diabetic
mice upon single and long-term administration. The
observed hypoglycemic activity of Dianex may be due
to the presence of various herbs whose antidiabetic
activity is already well documented (Das et al., 1996;
Upadhyay et al., 1996; Andallu et al., 2000; Nischino
et al., 2000). Plants like Gymnema sylvestre, Eugenia
jambolana (Achrekar et al., 1991), Azadirachta indica,
Cassia auriculata and Momordica charantia (Pari et al.,
2001) present in Dianex have been reported to pot-
entiate plasma insulin effect by increasing the pancre-
atic secretion of insulin from S-cells. Azadirachta indica
was found to increase the peripheral uptake of glucose
(Bajaj and Srinivasan, 1999). The possible mechanism
by which Dianex brings about its hypoglycemic action
may be due to stimulation of the pancreatic beta cell
function and extrapancreatic action, by increasing the
peripheral utilization of glucose.

The body weight of untreated diabetic mice was
markedly less than that of untreated normal mice (18.03
+4.27%) at the end of 6 weeks. The administration of
Dianex for 6 weeks significantly (p < 0.05) increased
the body weight of diabetic mice compared to untreated
diabetic mice. Similar results were obtained with Celosia
argentea (not contained in Dianex). The ability of
the plant to protect the body weight loss of diabetic
animals could be due to its antidiabetic activity
(Vetrichelvan et al., 2002) and a similar mechanism of
action might be attributed to Dianex.

In oral glucose tolerance test, Dianex treated mice
(both normal and diabetic) showed significant (p < 0.05)
decrease in blood glucose levels, indicating increased
glucose tolerance. Momordica charantia, Cassia auricu-
lata, Azadirachta indica and Aegle marmelose have been
reported to increase the glucose tolerance in labora-
tory animals (Pari et al., 2001).

The glycogen and total protein levels in the liver of
diabetic mice were significantly (p < 0.05) lowered com-
pared to normal mice. Dianex treatment significantly
increased liver glycogen and protein levels in diabetic
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mice (Table 6). In the diabetic condition, the levels
of glycogen phosphorylase, an important enzyme of
glycolytic pathway is increased, and hence liver glyco-
gen content is decreased. Insulin stimulates glycogen
synthesis and inhibits glycogenolysis. Insulin deficiency
in diabetes causes excessive catabolism of protein, which
is utilized for gluconeogenesis (Vasanthakumari and
Shyamaladevi, 1998). Hence, increased insulin release
and increased peripheral uptake of glucose after Dianex
treatment might be responsible for elevated glycogen
and total protein content of the liver. Further more, a
polyherbal formulation containing Momordica charantia
and Gymnema sylvestre has shown increased hepatic
glycogen levels in diabetic rats (Annapurna et al., 2001).

The increased lipid profile in diabetic mice was
significantly (p < 0.05) reduced by Dianex treatment
(Table 6). Some of the plants like Momordica charantia,
Azadirachta indica, Withania somnifera and Aegle
marmelose present in Dianex are reported to produce
hypolipidemic action (Bopanna et al., 1997, Andallu
et al., 2000; Annapurna et al., 2001). A possible mech-
anism for antihyperlipidemic action of Azadirachta
indica, a component of Dianex, was attributed to the
inhibition of endogenous synthesis of cholesterol and
enhancement of its excretion through intestinal tract
(Bopanna et al., 1997).

The increased AST and ALT levels in diabetic mice
(Table 6) reflected the increased hepatic damage in
diabetic mice. This was further confirmed by the
histopathological studies. The elevated levels of AST
and ALT in diabetic mice were significantly decreased
upon administration of Dianex. Many of the plants in
Dianex, e.g. Curcuma longa and Azadirachta indica are
reported to be hepatoprotective (Chattopadhyaya et al.,
1992; Song et al., 2001). Hence improvement of liver
function and subsequent increase in the uptake of glu-
cose and its utilization may be the possible mechanisms
for this observation (Vetrichelvan et al., 2002).

The serum urea and creatinine levels were signific-
antly (p < 0.05) elevated in diabetic mice of control
group. Dianex treatment significantly (p < 0.05)
lowered these changes (Table 6). The observed nephro-
protective effect of Dianex may be due to the anti-
hyperglycemic activity, which increases the uptake and
utilization of glucose by the tissues. Similar results
were observed with a polyherbal formulation consist-
ing of Eugenia jambolana, Momordica charantia and
Gymnema sylvestre (Dubey et al., 1994). Generally, renal
hypertrophy is significantly high in the diabetic state
(Grover et al., 2001). In an earlier study, Momordica

charantia and Eugenia jambolana significantly prevented
the renal hypertrophy in diabetes (Grover et al., 2001).
Aegle marmelose has also been reported to reduce the
blood urea levels in diabetic animals (Ponnachan et al.,
1993).

The histopathological studies of pancreas and liver
from diabetic control and Dianex treated diabetic mice
were carried out. Tissues from diabetic animals showed
inflammation, necrosis and degeneration. These condi-
tions were considerably reversed by Dianex treatment
indicating that Dianex administration produces im-
proved repair of the tissues after streptozotocin induced
injury. These observations are in accordance with the
earlier report where Aegle marmelose, a component of
Dianex, was found to repair or reduce the damage to
the tissues (Das et al., 1996).

Dianex showed significant (p < 0.05) in vitro DPPH,
ABTS" and hydroxyl radical scavenging activity between
10-1000 pg/ml concentrations (Table 7). Free radicals
are generated under various pathological conditions
including hyperglycemia and hence diabetes is gener-
ally associated with increased oxidative stress (Cai and
Kang, 2001; Kumari and Augusti, 2002). The present
results demonstrate the free radical scavenging and
hence, antioxidant activity of Dianex, which could de-
crease the damage caused by oxidative stress involved
in the pathogenesis of diabetes. The antioxidant prop-
erty of Momordica charantia, Curcuma longa, Withania
somnifera and Azadirachta indica has been reported
(Scartezzini and Speroni, 2000).

To conclude, Dianex produced significant hypo-
glycemic activity in experimental animals besides re-
versing other diabetic complications. In another study,
Dianex was well tolerated in laboratory animals at
higher doses (upto 10 g/kg in mice, acute toxicity; upto
2.5 g/kg in rats, subacute toxicity studies for 30 days)
without exhibiting any toxic manifestation (Mutalik
et al., 2003). Hence, Dianex may be effectively used in
the treatment of diabetes mellitus. Studies on diabetic
patients are under progress to confirm its effectiveness
in human volunteers.

Acknowledgement

The study was supported by a project grant (Apex/2000-1) from
M/s Apex Laboratories, Chennai, India. Authors are thankful to Dr
G. C. Jagetia, Head, Department of Radiobiology, KMC, Manipal
for providing some laboratory facilities and Dr Sharath Kumar,
Pathologist, Government Hospital, Udupi for the help in
histopathological studies.

REFERENCES

Achrekar S, Kaklijs GS, Pote MS, Kelkar SM. 1991. Hypoglycemic
activity of Eugenia jambolana and Ficus bengalensis: Mech-
anism of action. In vivo 5(2): 143-147.

Andallu B, Radhika B, Dawar R. 2000. Hypoglycemic, diuretic
and hypocholesteremic effect of Winter cherry (Withania
somnifera) Dunal root. Ind J Exp Biol 38(6): 607-609.

Annapurna A, Mahalaxmi K, Krishna MK. 2001. Antidiabetic
activity of a polyherbal preparation (tincture of panchparna)
in normal and diabetic rats. Ind J Exp Biol 39(5): 500—
502.

Bajaj S, Srinivasan BP. 1999. Investigation into the antidiabetic
activity of Azadirachta indica. Ind J Pharmacol 31: 138-
141.

Copyright © 2005 John Wiley & Sons, Ltd.

Bopanna KN, Kannan J, Gadgil S, et al. 1997. Antidiabetic
and antihyperglycemic effects of neem seed kernel
powder on alloxan diabetic rabbits. Ind J Pharmcol 27: 162—
167.

Cai L, Kang YJ. 2001. Oxidative stress and cardiomyopathy.
Cardiovasc Toxicol 1(3): 181-193.

Carrol NV, Longley RW, Roe JH. 1956. The determination
of glycogen in liver and muscle by use of anthrone reagent.
J Biol Chem 220: 583-585.

Chattopadhyaya R, Sarkar SK, Ganguly S, et al. 1992.
Hepatoprotective activity of Azadirachta indica leaves on
paracetamol induced hepatic damage in rats. Ind J Exp Biol
30(8): 738-740.

Phytother. Res. 19, 409-415 (2005)



EFFECT OF DIANEX ON EXPERIMENTALLY INDUCED DIABETES MELLITUS 415

Chaurasia AK, Dubey SD, Ojha JK. 1994. Role of Vijayasara and
Jarul on insulin dependent diabetes mellitus. Aryavaidyan
7(3): 147-152.

Das AV, Padayutti PS, Paulose CS. 1996. Effect of leaf extract of
Aegle marmelose (L) Correa ex Roxb on histological and
ultrastructural changes in tissues of streptozotocin induced
diabetic rats. Ind J Exp Biol 34(4): 341-345.

Dubey GP, Dixit SP, Singh A. 1994. Alloxan induced diabetes in
rabbits and effect of a herbal formulation D-400. Ind J
Pharmcol 26: 225-226.

Grover JK, Rathi SS, Vats V. 2002. Amelioration of experi-
mental diabetic neuropathy and gastropathy in rats follow-
ing oral administration of plant (Eugenia jambolana,
Mucurna pruriens and Tinospora cordifolia) extracts. Ind J
Exp Biol 40(3): 273-276.

Grover JK, Vats V, Rathi SS, Dawar R. 2001. Traditional Indian
antidiabetic plants attenuate progression of renal damage
in streptozotocin induced diabetic mice. J Ethnopharmacol
76(3): 233-238.

Halliwell B, Gutteridge JMC, Aruoma OS. 1987. The deoxyribose
method: a simple test tube assay for determination of rate
constants for reactions of hydroxyl radicals. Anal Biochem
165: 215-219.

Kumari K, Augusti KT. 2002. Antidiabetic and antioxidant
effects of S-methyl cystene sulfoxide isolated from onions
(Allium cepa Linn) as compared to standard drugs in alloxan
diabetic rats. Ind J Exp Biol 40(9): 1005-1009.

Lowry OH, Rosenbrough NJ, Farr Al, Randall RJ. 1951. Protein
measurements with the Folin phenol reagent. J Biol Chem
193: 265-275.

Miller NJ, Evans RCA. 1997. Factors influencing the antioxidant
activity by the ABTS radical cation assay. Free Rad Res
28(3): 195-199.

Mitra SK, Gopumadhavan S, Muralidhar TS. 1996. Effect
of D-400, an ayurvedic herbal formulation on experi-

Copyright © 2005 John Wiley & Sons, Ltd.

mentally induced diabetes mellitus. Phytother Res 10: 433-
435.

Mutalik S, Sulochana B, Chetana M, et al. 2003. Preliminary
studies on acute and subacute toxicity of an antidiabetic
herbal preparation, Dianex. Ind J Exp Biol 4: 316-320.

Nischino S, Hayami T, lkeda I, Imaizumi K. 2000. Protection
against the diabetogenic effect of feeding of terbutyl hydro-
quinone to rats prior to administration of streptozotocin.
Biosci Biotechnol Biochem 64(6): 1153-1158.

Pari L, Ramakrishnan R, Venkateshwaran S. 2001. Anti-
hyperglycemic effect of Diamed, a herbal formulation in
experimental diabetes in rats. J Pharm Pharmacol 53(8):
1139-1143.

Ponnachan PT, Paulose CS, Panikkar KR. 1993. Effect of leaf
extract of Aegle marmelose in diabetic rats. Ind J Exp Biol
31(4): 345-347.

Reynolds JEF. 1997. Martindale-The Extra Pharmacopoeia, 30th
edn. The Pharmaceutical Press: London.

Scartezzini P, Speroni E. 2000. Review on some plants of Indian
traditional medicine with antioxidant activity. J Ethnophar-
macol 71(1-2): 23-43.

Song EK, Cho H, Kim JS, et al. 2001. Diarylheptanoids with free
radical scavenging and hepatoprotective activity in vitro
from Curcuma longa, Planta Med 67(9): 876-877.

Sreejayan N, Rao MNA. 1996. Free radical scavenging activity of
Curcuminoids. Arzneimittel-Forschung/Drug Res 46: 169-171.

Upadhyay OP, Singh RM, Dutta K. 1996. Studies on antidiabetic
medicinal plants used in Indian folk-lore. Aryavaidyan 9(3):
159-167.

Vasanthakumari V, Shyamaladevi CS. 1998. Biochemical evalua-
tion of Tarakeshwara Rasa-Antidiabetic drug, in rats. Indian
Drugs 35(3): 140-143.

Vetrichelvan T, Jagadeesan M, Adigala B, Uma Devi. 2002.
Antidiabetic activity of alcoholic extract of Celosia argentea
Linn seeds in rats. Biol Pharm Bull 25(4): 526-528.

Phytother. Res. 19, 409-415 (2005)



